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(54) Coin discrimination sensor and coin handling system 

detection coil for detecting eddy-currents from desired 
and undesired coins. The detection coil produces a dif- 
ferential voltage corresponding to the composition of the 



(57) A coin discrimination sensor and coin handling 
system for discriminating among desired and undesired 
coins, comprised of an excitation coil for producing an 
alternating magnetic field. These alternating magnetic 
fields couple to the desired and undesired coins to 
induce eddy-currents. The sensor also is comprised of a 
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desired and undesired coins being sensed. 
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Description 

FIELD OF THE INVENTION 

The present invention relates generally to coin han- s 
dling devices employing coin discrimination sensors for 
handling coins of mixed denominations. More particu- 
larly, the present invention relates to coin handling 
devices using eddy current sensors to discriminate 
among coins of different compositions. 10 

BACKGROUND ^f THE INVENTION 

Coin handling devices of the foregoing types have 
employed eddy current sensors to discriminate among is 
various coins. Note that the term "coin" is broadly used 
in this specification and includes any type of coin, token 
or object substituted therefor. An eddy current sensor 
includes at least one primary coil for inducing eddy cur- 
rents in the coin to be analyzed. The primary coil 20 
receives an alternating voltage which correspondingly 
produces an alternating current in the coil. The alternat- 
ing current flowing in the primary coil produces an alter- 
nating magnetic field through and around the coil as is 
well known in the art. 25 

Characteristics of the alternating magnetic field 
depend upon a variety of factors including the frequency 
and amplitude of the voltage applied to the primary coil, 
more fully described below. The primary coil, also know 
as the excitation coil, inductively couples with a coin so 
brought into proximity with the coil, thereby producing 
eddy currents in the coin being analyzed. Because the 
magnetic field from the primary coil is alternating, the 
corresponding eddy currents are alternating as well. 
The induced eddy currents are influenced by the mate- 35 
rial composition of the coin being analyzed. 

The alternating eddy currents induced in the coin 
also produce magnetic fields of their own. These mag- 
netic fields are detected with one or more secondary 
coils, also known as detection coils. Because eddy cur- 40 
rent sensors take on a transformer-like configuration, 
with primary and secondary coils, the primary coil also 
induces an alternating voltage on the secondary coil or 
coils The voltage induced on the secondary coil or coils 
from the primary coil can be described as a common- 45 
mode voltage and must be eliminated or ignored in 
order to focus on the eddy current signal made up of 
much smaller voltages induced on the secondary coil by 
the eddy currents. This has previously been accom- 
plished by processing the voltage signal from the sec- so 
ondary coil to eliminate the voltage induced on the 
secondary coil by the primary coil. Such signal process- 
ing can have the undesirable effect of increasing the 
number of components in the system, which corre- 
spondingly increases signal distortion and the possibil- ss 
ity of other problems such as part failure, electrical 
noise and manufacturing complexity. Such signal 
processing may also decrease the ability to resolve fine 
variations in the eddy current signal. 



The strength of the eddy currents produced is 
directly affected by the frequency of the alternating 
magnetic fields applied. A tradeoff exists between the 
use of high and low frequencies in coin discrimination. 
High frequencies tend to create magnetic fields that 
penetrate less deeply into the coin, thus making surface 
composition and structure more important. This can 
become disadvantageous when discriminating among 
cladded coins with designs on one or both sides. Low 
frequencies tend to penetrate further into the coin, giv- 
ing a better indication *of overall composition, but have 
the disadvantage of increased likelihood of causing 
spurious signals in material surrounding the coin in the 
coin handler because of the more extensive penetration 
of the magnetic field. 

Prior art eddy current sensors have tended to be 
large in order to produce large magnetic fields. Coin 
handlers employing multiple eddy current sensors can 
experience cross-talk between sensors. Unfortunately, 
cross-talk interferes with accurate determination of coin 
material content. 

SUMMARY OF THE INVENTION 

The present invention provides an improved coin 
discrimination sensor for use in discriminating among 
coins of varying material composition. 

More specifically, one embodiment of the present 
invention provides an improved eddy current sensor for 
inducing eddy currents in a particular coin within a 
stream of coins sequentially moving past the sensor. 
The eddy current sensor itself is further comprised of a 
single excitation (primary) coil and two detection (sec- 
ondary) coils. The primary coil is energized at a particu- 
lar frequency chosen to limit the extent of the alternating 
magnetic field surrounding coil while allowing the mag- 
netic field to sufficiently penetrate the surface of the coin 
being analyzed. The two detection coils include a proxi- 
mal detection coil and a distal detection coil. The entire 
eddy current sensor is disposed on one side of the 
stream of coins such that the proximal detection coil is 
positioned closer to the stream of coins than the distal 
detection coil. The proximal detection coil and the distal 
detection coil are positioned and connected such that 
the common mode voltage between them due to the 
excitation coil is subtracted and only a difference volt- 
age reflecting the strength of the eddy currents in the 
coin remains. The difference voltage is analyzed for 
amplitude as well as phase relationship to the voltage 
applied to the excitation coil. The additional information 
concerning phase, combined with amplitude, allows a 
more accurate assessment of the composition of the 
coin being analyzed. The coin handler mechanically 
separates individual coins based on physical size, and 
then utilizes information from the discrimination sensor 
to discriminate among similarly sized coins made of dif- 
ferent materials. 

In a preferred embodiment, the eddy current sensor 
has a diameter that is less than that of the smallest coin 
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to be analyzed. The small size and focused magnetic 
field particularly when employed in combination with 
magnetic shielding, reduces crosstalk between adja- 
cent sensors in the coin handler. 

RRIFF DESCRI PTION OF THE DRAWINGS 

FIG. 1 is perspective view of a disc-type coin sorter 
embodying the present invention, with a top portion 
thereof broken away to show internal structure; 
FIG. 2 is an enlarged horizontal section taken gen- 
erally along line 2-2 in FIG. 1 ; 
FIG. 3 is an enlarged section taken generally along 
line 3-3 in FIG. 2, showing the coins in full elevation; 
FIG. 4 is an enlarged section taken generally along 
line 4-4 in FIG. 2, showing in full elevation a nickel 
registered with an ejection recess; 
FIG. 5 is perspective view of a disc-to-disc type coin 
sorter embodying the present invention; 
FIG. 6 is a top plan view of the arrangement in FIG. 
5; 

FIG. 7 is an enlarged section taken generally along 
the line 7-7 in FIG. 6; 

FIG. 8 is an enlarged section taken generally along 
the line 8-8 in FIG. 6; 

FIG. 9 is a diagrammatic cross-section of a coin 
and an improved coin discrimination sensor 
embodying the invention; 

FIG. 10 is a schematic circuit diagram of the coin 

discrimination sensor of FIG. 9; 

FIG. 1 1 is a diagrammatic perspective view of the 

coils in the coin discrimination sensor of FIG. 9; 

FIG. 12A is a circuit diagram of a detector circuit for 

use with the discrimination sensor of this invention; 

and 

FIG. 1 2B is a waveform diagram of the input signals 
supplied to the circuit of FIG. 12A. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

While the invention is susceptible to various modifi- 
cations and alternative forms, a specific embodiment 
thereof has been shown by way of example in the draw- 
ings and will be described in detail. It should be under- 
stood, however, that it is not intended to limit the 
invention to the particular form described, but, on the 
contrary, the intention is to cover all modifications, 
equivalents, and alternatives falling within the spirit and 
scope of the invention as defined by the appended 
claims. 

Although the coin discrimination sensor of the 
present invention can be used in a variety of different 
coin handling devices, it is particularly useful in high- 
speed coin sorters of the disc type. Thus, the invention 
will be described with specific reference to the use of 
disc-type coin sorters as the exemplary coin-handling 
devices in which the coin discrimination sensor is uti- 
lized. 
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Turning now to the drawings. FIGS. 1-8 illustrate 
two types of coin handling devices, including a disc-type 
coin sorter (FIGS. 1-4) and a disc-to-disc type coin 
sorter (FIGS. 5-8). Each of these types of coin handling 
devices uses a coin-driving member having a resilient 
surface for moving coins along a metal coin-guiding sur- 
face of a stationary coin-guiding member. In the disc- 
type com sorter, the coin-driving member is a rotating 
disc and the coin-guiding member is a stationary sorting 
head In the disc-to-disc type coin sorter, the coin-driv- 
^members include a of rotating dOfcWH. *«oo- 
coin-guiding members include a stationary queuing 
head and a stationary sorting disc. 

With respect to the following detailed description, 
the terms "stationary plate" and "sorting plate" are 
defined to encompass the stationary sorting head of the 
disc-type coin sorter and the queuing head and sorting 
disc of the disc-to-disc type coin sorter. 

Turning first to the disc-type coin sorter of FIG. 1 , a 
hopper 10 receives coins of mixed denominations and 
feeds them through central openings in a housing 1 1 
and a coin-guiding member in the form of an annular 
sorting head or guide plate 12 inside or underneath the 
housing. As the coins pass through these openings, 
they are deposited on the top surface of a coin-driving 
member in the form of a rotatable disc 13. This disc 13 
is mounted for rotation on a stub shaft (not shown) and 
driven by an electric motor 14 mounted to a base plate 
15. The disc 13 comprises a resilient pad 16 bonded to 
the top surface of a solid metal disc 17. 

The top surface of the resilient pad 16 is preferably 
spaced from the lower surface of the sorting head 12 by 
a gap of about 0.005 inches (0.13 mm). The gap is set 
around the circumference of the sorting head 12 by a 
three point mounting arrangement including a pair of 
rear pivots 18, 19 loaded by respective torsion springs 
20 which tend to elevate the forward portion of the sort- 
ing head. During normal operation, however, the for- 
ward portion of the sorting head 12 is held in position by 
a latch 22 which is pivotally mounted to the frame 1 5 by 
a bolt 23. The latch 22 engages a pin 24 secured to the 
sorting head. For gaining access to the opposing sur- 
faces of the resilient pad 16 and the sorting head, the 
latch is pivoted to disengage the pin 24, and the forward 
portion of the sorting head is raised to an upward posi- 
tion (not shown) by the torsion springs 20. 

As the disc 13 is rotated, the coins 25 deposited on 
the top surface thereof tend to slide outwardly over the 
surface of the pad due to centrifugal force. The coins 25, 
for example, are initially displaced from the center of the 
disc 1 3 by a cone 26, and therefore are subjected to suf- 
ficient centrifugal force to overcome their static friction 
with the upper surface of the disc. As the coins move 
outwardly, those coins which are lying flat on the pad 
enter the gap between the pad surface and the guide 
plate 1 2 because the underside of the inner periphery of 
this plate is spaced above the pad 16 by a distance 
which is about the same as the thickness of the thickest 
coin. As further described below, the coins are sorted 
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into their respective denominations, and the coins for 
each denomination issue from a respective exit slot, 
such as the slots 27, 28, 29, 30, 31 and 32 (see FIGS. 1 
and 2) for dimes, pennies, nickels, quarters, dollars, and 
half-dollars, respectively. In general, the coins for any 5 
given currency are sorted by the variation in diameter 
for the various denominations. 

Preferably most of the aligning, referencing, sorting, 
and ejecting operations are performed when the coins 
are pressed into engagement with the lower surface of 10 
the sorting head 12. In other words, the distance 
between the lower surfaces of the sorting head 12 with 
the passages conveying the coins and the upper sur- 
face of the rotating disc 13 is less than the thickness of 
the coins being conveyed. As mentioned above, such is 
positive control permits the coin sorter to be quickly 
stopped by braking the rotation of the disc 13 when a 
preselected number of coins of a selected denomination 
have been ejected from the sorter. Positive control also 
permits the sorter to be relatively compact yet operate 20 
at high speed. The positive control, for example, permits 
the single file stream of coins to be relatively dense, and 
ensures that each coin in this stream can be directed to 
a respective exit slot. 

Turning now to FIG. 2, there is shown a bottom view 25 
of the preferred sorting head 12 including various chan- 
nels and other means especially designed for high- 
speed sorting with positive control of the coins, yet 
avoiding the galling problem. It should be kept in mind 
that the circulation of the coins, which is clockwise in 30 
FIG. 1, appears counterclockwise in FIG. 2 because 
FIG. 2 is a bottom view. The various means operating 
upon the circulating coins include an entrance region 
40, means 41 for stripping "shingled" coins, means 42 
for selecting thick coins, first means 44 for recirculating 35 
coins, first referencing means 45 including means 46 for 
recirculating coins, second referencing means 47, and 
the exit means 27, 28, 29, 30, 31 and 32 for six different 
coin denominations, such as dimes, pennies, nickels, 
quarters, dollars and half-dollars. The lowermost sur- 40 
face of the sorting head 12 is indicated by the reference 
numeral 50. 

Considering first the entrance region 40, the out- 
wardly moving coins initially enter under a semi-annular 
region underneath a planar surface 61 formed in the 45 
underside of the guide plate or sorting head 12. Coin 
C1 , superimposed on the bottom plan view of the guide 
plate in FIG. 2 is an example of a coin which has 
entered the entrance region 40. Free radial movement 
of the coins within the entrance region 40 is terminated so 
when they engage a wall 62, though the coins continue 
to move circumferentially along the wall 62 by the rota- 
tional movement of the pad 16, as indicated by the cen- 
tral arrow in the counterclockwise direction in FIG. 2. To 
prevent the entrance region 40 from becoming blocked 55 
by shingled coins, the planar region 61 is provided with 
an inclined surface 41 forming a wall or step 63 for 
engaging the upper most coin in a shingled pair. In FIG. 
2, for example, an upper coin C2 is shingled over a 



lower coin C3. As further shown in FIG. 3, movement of 
the upper coin C2 is limited by the wall 63 so that the 
upper coin C2 is forced off of the lower coin C3 as the 
lower coin is moved by the rotating disc 13. 

Returning to FIG. 2, the circulating coins in the 
entrance region 40, such as the coin C1, are next 
directed to the means 42 for selecting thick coins. This 
means 42 includes a surface 64 recessed into the sort- 
ing head 12 at a depth of 0.070 inches (1 .78 mm) from 
the lowermost surface 50 of the sorting head. There- 
fore, a step or wall 65 is formed between the surface 61 
of the entrance region 40 and the surface 64. The dis- 
tance between the surface 64 and the upper surface of 
the disc 13 is therefore about 6^075 inches so that rela- 
tively thick coins between the surface 64 and the disc 1 3 
are held by pad pressure. To initially engage such thick 
coins, an initial portion of the surface 64 is formed with 
a ramp 66 located adjacent to the wall 62. Therefore, as 
the disc 13 rotates, thick coins in the entrance region 
that are next to the wall 62 are engaged by the ramp 66 
and thereafter their radial position is fixed by pressure 
between the disc and the surface 64. Thick coins which 
fail to initially engage the ramp 66, however, engage the 
wall 65 and are therefore recirculated back within the 
central region of the sorting head. This is illustrated, for 
example, in FIG. 4 for the coin C4. This initial selecting 
and positioning of the thick coins prevents misaligned 
thick coins from hindering the flow of coins to the first 
referencing means 45. 

Returning now to FIG. 2, the ramp 66 in the means 
42 for selecting the thick coins can also engage a pair or 
stack of thin coins. Such a stack or pair of thin coins will 
be carried under pad pressure between the surface 64 
and the rotating disc 13. In the same manner as a thick 
coin, such a pair of stacked coins will have its radial 
position fixed and will be carried toward the first refer- 
encing means 45. The first means 45 for referencing the 
coins obtains a single-file stream of coins directed 
against the outer wall 62 and leading up to a ramp 73. 

Coins are introduced into the referencing means 45 
by the thinner coins moving radially outward via centrif- 
ugal force, or by the thicker coin(s) C52a following con- 
centricity via pad pressure. The stacked coins C58a and 
C50a are separated at the inner wall 82 such that the 
lower coin C58a is carried against surface 72a. The pro- 
gression of the lower coin C58a is depicted by its posi- 
tions at C58b, C58c. C58d, and C58e. More specifically, 
the lower coin C58 becomes engaged between the 
rotating disc 13 and the surface 72 in order to carry the 
lower coin to the first recirculating means 44, where it is 
recirculated by the wall 75 at positions C58d and C58e. 
At the beginning of the wall 82, a ramp 90 is used to 
recycle coins not fully between the outer and inner walls 
62 and 82 and under the sorting head 12. As shown in 
FIG. 2, no other means is needed to provide a proper 
introduction of the coins into the referencing means 45. 

The referencing means 45 is further recessed over 
a region 91 of sufficient length to allow the coins C54 of 
the widest denomination to move to the outer wall 62 by 
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centrifugal force. This allows coins C54 of the widest 
denomination to move freely into the referencing means 
45 toward its outer wall 62 without being pressed 
between the resilient pad 16 and the sorting head 12 at 
the ramp 90. The inner wall 82 is preferably constructed 5 
to follow the contour of the recess ceiling. The region 91 
of the referencing recess 45 is raised into the head 12 
by ramps 93 and 94, and the consistent contour at the 
inner wall 82 is provided by a ramp 95. 

The first referencing means 45 is sufficiently deep 10 
to allow coins C50 having a lesser thickness to be 
guided along the outer wall 62 by centrifugal force, but 
sufficiently shallow to permit coins C52, C54 having a 
greater thickness to be pressed between the pad 16 
and the sorting head 12, so that they are guided along is 
the inner wall 82 as they move through the referencing 
means 45. The referencing recess 45 includes a section 
96 which bends such that coins C52, which are suffi- 
ciently thick to be guided by the inner wall 82 but have a 
width which is less than the width of the referencing 20 
recess 45, are carried away from the inner wall 82 from 
a maximum radial location 83 on the inner wall toward 
the ramp 73. 

This configuration in the sorting head 12 allows the 
coins of all denominations to converge at a narrow 25 
ramped finger 73a on the ramp 73, with coins C54 hav- 
ing the largest width being carried between the inner 
and outer walls via the surface 96 to the ramped finger 
73a so as to bring the outer edges of all coins to a gen- 
erally common radial location. By directing the coins 30 
C50 radially inward along the latter portion of the outer 
wall 62, the probability of coins being offset from the 
outer wall 62 by adjacent coins and being led onto the 
ramped finger 73a is significantly reduced. Any coins 
C50 which are slightly offset from the outer wall 62 while 35 
being led onto the ramp finger 73a may be accommo- 
dated by moving the edge 51 of exit slot 27 radially 
inward, enough to increase the width of the slot 27 to 
capture offset coins C50 but to prevent the capture of 
coins of the larger denominations. For sorting Dutch 40 
coins, the width of the ramp finger 73a may be about 
0.140 inch. At the terminal end of the ramp 73, the coins 
become firmly pressed into the pad 16 and are carried 
forward to the second referencing means 47. 

A coin such as the coin C50c will be carried forward 45 
to the second referencing means 47 so long as a por- 
tion of the coin is engaged by the narrow ramped finger 
73a on the ramp 73. If a coin is not sufficiently close to 
the wall 62 so as to be engaged by this ramped finger 
73a, then the coin strikes a wall 74 defined by the sec- so 
ond recirculating means 46, and that coin is recirculated 
back to the entrance region 40. 

The first recirculating means 44, the second recir- 
culating means 46 and the second referencing means 
47 are defined at successive positions in the sorting ss 
head 1 2. It should be apparent that the first recirculating 
means 44, as well as the second recirculating means 
46, recirculate the coins under positive control of pad 
pressure. The second referencing means 47 also uses 



positive control of the coins to align the outer most edge 
of the coins with a gaging wall 77. For this purpose, the 
second referencing means 47 includes a surface 76, for 
example, at 0.110 inches (1.27 mm) from the bottom 
surface of the sorting head 12, and a ramp 78 which 
engages the inner edge portions of the coins, such as 
the coin C50d. 

As best shown in FIG. 2, the initial portion of the 
gaging wall 77 is along a spiral path with respect to the 
center of the sorting head 1 2 and the sorting disc 1 3, so 
that as the coins are positively driven in the circumferen- 
tial direction by the rotating disc 13, the outer edges of 
the coins engage the gaging wall 77 and are forced 
slightly radially inward to a precise gaging radius, as 
shown for the coin C1 6 in FIG. 3. FIG. 3 further shows a 
coin C1 7 having been ejected from the second recircu- 
lating means 46. 

Referring back to FIG. 2, the second referencing 
means 47 terminates with a slight ramp 80 causing the 
coins to be firmly pressed into the pad 16 on the rotating 
disc with their outer most edges aligned with the gaging 
radius provided by the gaging wall 77. At the terminal 
end of the ramp 80 the coins are gripped between the 
guide plate 12 and the resilient pad 16 with the maxi- 
mum compressive force. This ensures that the coins are 
held securely in the new radial position determined by 
the wall 77 of the second referencing means 47. 

The sorting head 12 further includes sorting means 
comprising a series of ejection recesses 27, 28, 29, 30, 
31 and 32 spaced circumferentially around the outer 
periphery of the plate, with the innermost edges of suc- 
cessive slots located progressively farther away from 
the common radial location of the outer edges of all the 
coins for receiving and ejecting coins in order of 
increasing diameter. The width of each ejection recess 
is slightly larger than the diameter of the coin to be 
received and ejected by that particular recess, and the 
surface of the guide plate adjacent the radially outer 
edge of each ejection recess presses the outer portions 
of the coins received by that recess into the resilient pad 
so that the inner edges of those coins are tilted 
upwardly into the recess. The ejection recesses extend 
outwardly to the periphery of the guide plate so that the 
inner edges of these recesses guide the tilted coins out- 
wardly and eventually eject those coins from between 
the guide plate 12 and the resilient pad 16. 

The innermost edges of the ejection recesses are 
positioned so that the inner edge of a coin of only one 
particular denomination can enter each recess; the 
coins of all other remaining denominations extend 
inwardly beyond the innermost edge of that particular 
recess so that the inner edges of those coins cannot 
enter the recess. 

For example, the first ejection recess 27 is intended 
to discharge only dimes, and thus the innermost edge 
51 of this recess is located at a radius that is spaced 
inwardly from the radius of the gaging wall 77 by a dis- 
tance that is only slightly greater than the diameter of a 
dime. Consequently, only dimes can enter the recess 
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27. Because the outer edges of all denominations of 
coins are located at the same radial position when they 
leave the second referencing means 47, the inner 
edges of the pennies, nickels, quarters, dollars and half 
dollars all extend inwardly beyond the innermost edge 5 
of the recess 27, thereby preventing these coins from 
entering that particular recess. 

At recess 28, the inner edges of only pennies are 
located close enough to the periphery of the sorting 
head 12 to enter the recess. The inner edges of all the 10 
larger coins extend inwardly beyond the innermost edge 
52 of the recess 28 so that they remain gripped between 
the guide plate and the resilient pad. Consequently, all 
the coins except the pennies continue to be rotated past 
the recess 28. 15 

Similarly, only nickels enter the ejection recess 29, 
only the quarters enter the recess 30, only the dollars 
enter the recess 31 , and only the half dollars enter the 
recess 32. 

Because each coin is gripped between the sorting 20 
head 12 and the resilient pad 16 throughout its move- 
ment through the ejection recess, the coins are under 
positive control at all times. Thus, any coin can be 
stopped at any point along the length of its ejection 
recess, even when the coin is already partially project- 25 
ing beyond the outer periphery of the guide plate. Con- 
Buezrrc"?: <nsequently, no matter when the rotating disc is stopped 
(e.g., in response to the counting of a preselected 
number of coins of a particular denomination), those 
coins which are already within the various ejection 30 
recesses can be retained within the sorting head until 
the disc is re-started for the next counting operation. 

One of six proximity sensors S r S 6 is mounted 
along the outboard edge of each of the six exit channels 
27-32 in the sorting head for sensing and counting coins 35 
passing through the respective exit channels. By locat- 
ing the sensors S r S 6 in the exit channels, each sensor 
is dedicated to one particular denomination of coin, and 
thus it is not necessary to process the sensor output 
signals to determine the coin denomination. The effec- 40 
tive fields of the sensors S r S 6 are all located just out- 
board of the radius at which the outer edges of all coin 
denominations are gaged before they reach the exit 
channels 27-32, so that each sensor detects only the 
coins which enter its exit channel and does not detect 45 
the coins which bypass that exit channel. Only the larg- 
est coin denomination (e.g., U.S. half dollars) reaches 
the sixth exit channel 32. and thus the location of the 
sensor in this exit channel is not as critical as in the 
other exit channels 27-31. 50 

In addition to the proximity sensors S1-S6, each of 
the exit channels 27-32 also includes one of six coin dis- 
crimination sensors D1-D6. These sensors D1-D6 are 
the eddy current sensors, and will be described in more 
detail below in connection with FIGS. 9-12 of the draw- 55 
ings. 

When one of the discrimination sensors detects a 
coin material that is not the proper material for coins in 
that exit channel, the disc may be stopped by de-ener- 



gizing or disengaging the drive motor and energizing a 
brake. The suspect coin may then be discharged by jog- 
ging the drive motor with one or more electrical pulses 
until the trailing edge of the suspect coin clears the exit 
edge of its exit channel. The exact disc movement 
required to move the trailing edge of a coin from its sen- 
sor to the exit edge of its exit channel, can be empiri- 
cally determined for each coin denomination and then 
stored in the memory of the control system. An encoder 
on the sorter disc can then be used to measure the 
actual disc movement following the sensing of the sus- 
pect coin, so that the disc can be stopped at the precise 
position where the suspect coin clears the exit edge of 
its exit channel, thereby ensuring that no coins following 
the suspect coin are discharged. 

FIG. 5 illustrates a disc-to<lisc type coin sorter 
including a queuing device 110 having a hopper which 
receives coins of mixed denominations. The hopper 
feeds the coins through a central feed aperture in a 
coin-guiding member in the form of an annular queuing 
head or guide plate 1 12. As the coins pass through the 
feed aperture, they are deposited on the top surface of 
a coin-driving member in the form of a rotatable disc 
114. This disc 114 is mounted for rotation on a stub 
shaft (not shown) driven by an electric motor (not 
shown). The disc 114 comprises a resilient pad 118, 
preferably made of a resilient rubber or polymeric mate- 
rial, bonded to the top surface of a solid metal plate 1 20. 

As the disc 1 14 is rotated (in the counterclockwise 
direction as viewed in FIG. 6), the coins deposited on 
the top surface thereof tend to slide outwardly over the 
surface of the pad 1 18 due to centrifugal force. As the 
coins move outwardly, those coins which are lying flat 
on the pad 118 enter the gap between the pad surface 
and the queuing head 1 1 2 because the underside of the 
inner periphery of this head 112 is spaced above the 
pad 1 18 by a distance which is approximately the same 
as the thickness of the thickest coin. 

As can be seen most clearly in FIG. 6, the out- 
wardly moving coins initially enter an annular recess 
124 formed in the underside of the queuing head 112 
and extending around a major portion of the inner 
periphery of the queuing head 112. To permit radial 
movement of coins entering the recess 124, the recess 
124 has an upper surface spaced from the top surface 
of the pad 1 18 by a distance which is greater than the 
thickness of the thickest coin. An upstream outer wall 
126 of the recess 124 extends downwardly to the lower- 
most surface 128 of the queuing head 112, which is 
preferably spaced from the top surface of the pad 118 
by a distance (e.g., 0.010 inch) which is significantly 
less (e.g., 0.010 inch) than the thickness of the thinnest 
coin. Consequently, the initial radial movement of the 
coins is terminated when they engage the upstream 
outer wall 126 of the recess 124, though the coins con- 
tinue to move circumferentially along the wall 1 26 by the 
rotational movement of the pad 1 1 8. 

A ramp 1 27 is formed at the downstream end of the 
outer wall 1 26. Coins which are engaged to the wall 1 26 
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prior to reaching the ramp 127 are moved by the rotating 
pad 1 18 into a channel 129. For example, the coin Ta' 
at approximately the 12 o'clock position in FIG. 6 will b 
moved by the rotating pad 118 into the channel 129. 
However, those coins which are still positioned radially 
inward from the outer wall 126 prior to reaching the 
ramp 127 engage a recirculation wall 131, which pre- 
vents the coins from entering the channel 129. Instead, 
the coins are moved along the recirculation wall 131 
until they reach a ramp 132 formed at the upstream end 
of aland 130. 

The only portion of the central opening of the queu- 
ing head 112 which does not open directly into the 
recess 1 24 is that sector of the periphery which is occu- 
pied by the land 130. The land 130 has a lower surface 
which is co-planar with or at a slightly higher elevation 
than the lowermost surface 128 of the queuing head 
112. Coins initially deposited on the top surface of the 
pad 118 via its central feed aperture do not enter the 
peripheral sector of the queuing head 112 located 
beneath the land 130 because the spacing between the 
land 130 and the pad 1 18 is slightly less than the thick- 
ness of the thinnest coin. 

When a coin has only partially entered the recess 
124 (i.e., does not engage the ramp 127) and moves 
along the recirculation wall 131 , the coin is recirculated. 
More specifically, an outer portion of the coin engages 
the ramp 132 on the leading edge of the land 130. For 
example, a 25 cent coin at approximately the 9 o'clock 
position in FIG. 6 is illustrated as having engaged the 
ramp 132. The ramp 132 presses the outer portion of 
the coin downwardly into the resilient pad 118 and 
causes the coin to move downstream in a concentric 
path beneath the inner edge of the land 130 (i.e., inner 
periphery of the queuing head 1 12) with the outer por- 
tion of the coin extending beneath the land 130. After 
reaching the downstream end of the land 130, the coin 
reenters the recess 124 so that the coin can be moved 
by the rotating pad 1 18 through the recess 124 and into 
the channel 129. 

Coins which engage the ramp 127 enter the chan- 
nel 129, defined by the inner wall 131 and an outer wall 
133. The outer wall 133 has a constant radius with 
respect to the center of the disc 1 1 4. Since the distance 
between the upper surface of the channel 129 and the 
top surface of the rotating pad 118 is only slightly less 
than the thickness of the thinnest coin, the coins move 
downstream in a concentric path through the channel 
1 29. To prevent galling of the surface of the channel 1 29 
as the coins move downstream therethrough, the chan- 
nel 129 is provided with the lubricant-filled cavities 146. 
While moving downstream, the coins maintain contact 
with the outer wall 133. At the downstream end of the 
channel 129, the coins move into a spiral channel 134 
via a ramp 141. The distance between the upper sur- 
face of the spiral channel 134 and the top surface of the 
pad 118 is slightly greater than the thickness of the 
V .. thickest coin, thereby causing the coins to maintain con- 

tact with an outer spiral wall 137 of the channel 134 



while moving downstream through the channel 134. 
The spiral channel 1 34 guides the coins to an exit chan- 
nel 136. At the downstream end of the outer spiral wall 
137, i.e., at the point where the spiral wall 137 reaches 

5 its maximum radius, the coins engage a ramp 1 39 which 
presses the coins downwardly into the resilient surface 
of the rotating pad 118. The outer edges of coins which 
are against the outer wall 137 have a common radial 
position and are ready for passage into the exit channel 

10 1 36. Coins whose radially outer edges are not engaged 
by the ramp 1 39 engage a wall 1 38 of a recycling chan- 
nel 140 which guides such coins back into the entry 
recess 124 for recirculation. 

The spiral channel 134 strips apart most stacked or 

15 shingled coins entering the channel 134 from the chan- 
nel 129. While a pair of stacked or shingled coins are 
moving through the channel 129, the combined thick- 
ness of the stacked or shingled coins is usually great 
enough to cause the lower coin in that pair to be 

20 pressed into the resilient pad 1 18. As a result, that pair 
of coins will be rotated concentrically with the disc 
through the channel 129 and into the channel 134. 
Because the inner wall 135 of the channel 134 spirals 
outwardly, the upper coin will eventually engage the 

25 upper vertical portion of the inner wall 135, and the 
lower coin will pass beneath the wall 135 and beneath 
the land 130. This lower coin will then be rotated con- 
centrically with the disc beneath the land 130 and recir- 
culated back to the entry recess 124 of the queuing 

30 head 112. If, however, the combined thickness of the 
stacked or shingled coins is not great enough to cause 
the lower coin in the pair to be pressed into the pad 1 18 
(e.g., two very thin foreign coins), the coins are stripped 
apart in the exit channel 136 as described below. 

35 The exit channel 136 causes all coins which enter 
the channel 136, regardless of different thicknesses 
and/or diameters, to exit the channel 136 with a com- 
mon edge (the inner edges of all coins) aligned at the 
same radial position so that the opposite (outer) edges 

40 of the coins can be used for sorting in the circular sort- 
ing device 122. The upper surface of the channel 136 is 
recessed slightly from the lowermost surface 128 of the 
queuing head 1 12 so that the inner wall 142 of the chan- 
nel 136 forms a coin-guiding wall. This upper surface, 

45 however, is close enough to the pad surface to press 
coins of ail denominations into the resilient pad 118. 
While the rotating pad 118 moves the coins through the 
exit channel 136, the lubricant-filled cavities 146 prevent 
the coins from galling the surface of the exit channel 

so 136. 

As coins are advanced through the exit channel 
136. they follow a path that is concentric with the center 
of rotation of the disc 1 1 4 in FIG. 5 because the coins of 
all denominations are continuously pressed firmly into 
55 the resilient disc surface. Because the coins are 
securely captured by this pressing engagement, there is 
no need for an outer wall to contain coins within the exit 
channel 136. The inner edges of coins of all denomina- 
tions eventually engage the inner wall 142, which then 
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guides the coins outwardly to the periphery of the disc. 
As can be seen in FIG. 6, a downstream section of the 
inner wall 142 of the exit channel 136 forms the final 
gaging wall for the inner edges of the coins as the coins 
exit the queuing head 112. 

The exit channel 136 strips apart stacked or shin- 
gled coins which are not stripped apart by the spiral 
channel 134. The combined thickness of any pair of 
stacked or shingled coins is great enough to cause the 
lower coin in that pair to be pressed into the resilient pad 
1 18. Consequently, that pair of coins will be rotated con- 
centrically with the disc. Because the inner wall 142 of 
the exit channel 136 spirals outwardly, the upper coin 
will eventually engage the upper vertical portion of the 
inner wall 142, and the lower coin will pass beneath the 
wall 142. This lower coin will be passed into a recirculat- 
ing channel 144, which functions like the entry recess 
124 to guide the coin downstream into the channel 129. 

In the preferred embodiment, the queuing device 
1 10 is used to feed the circular sorting device 122 (see 
FIG. 5). Thus, in FIG. 6 the coins are sorted by passing 
the coins over a series of apertures formed around the 
periphery of a coin-guiding member in the form of a sta- 
tionary sorting plate or disc 150. The apertures 152a- 
1 52h are of progressively increasing radial width so that 
the small coins are removed before the larger coins. 
The outboard edges of all the apertures 152a-152h are 
spaced slightly away from a cylindrical wall 154 extend- 
ing around the outer periphery of the disc 150 for guid- 
ing the outer edges of the coins as the coins are 
advanced over successive apertures. The disc surface 
between the wall 154 and the outer edges of the aper- 
tures 152a-152h provides a continuous support for the 
outer portions of the coins. The inner portions of the 
coins are also supported by the disc 1 50 until each coin 
reaches its aperture, at which point the inner edge of 
the coin tilts downwardly and the coin drops through its 
aperture. Before reaching the aperture 152a, the coins 
are radially moved slightly inward by the wall 154 to 
insure accurate positioning of the coins after they are 
transferred from the queuing device 1 10 to the circular 
sorting device 122. 

To advance the coins along the series of apertures 
152a-152h, the upper surfaces of the coins are 
engaged by a resilient rubber pad 156 attached to the 
lower surface of a coin-driving member in the form of a 
rotating disc 158 (FIGS. 7 and 8). As viewed in FIG. 6, 
the disc 158 is rotated clockwise. Alternatively, the pad 
156 in FIGS. 7 and 8 may be substituted with a resilient 
rubber ring attached to the outer periphery of the lower 
surface of the rotating disc 158. The lower surface of the 
rubber pad 156 is spaced sufficiently close to the upper 
surface of the disc 150 that the rubber pad 156 presses 
coins of all denominations, regardless of coin thickness, 
firmly down against the surface of the disc 150 while 
advancing the coins concentrically around the periph- 
eral margin of the disc 150. Consequently, when a coin 
is positioned over the particular aperture 152 through 
which that coin is to be discharged, the resilient rubber 



pad 156 presses the coin down through the aperture 
(FIG. 8). 

As can be seen in FIG. 6, a coin discrimination sen- 
sor D is mounted in the disc 150 upstream of the sorting 

5 apertures I52a-152q. Because the coins have not yet 
been sorted when they traverse the discrimination sen- 
sor D, this sensor merely serves to determine whether a 
passing coin has a composition corresponding to one of 
the coin denominations being sorted. If the answer is 

10 negative, the driven disc 1 58 may be stopped to permit 
removal of the unwanted coin, or the operator may sim- 
ply be alerted to the fact that an unwanted coin has 
been detected. 

As can be seen in FIG. 6, an arc-shaped section of 

15 the stationary disc 1 50 is cut away at a location adjacent 
the queuing device 110 to permit a smooth transition 
between the exit channel 136 and sorting device 122. 
Because of this cut-away section, coins which are 
advanced along the exit channel 136 formed by the 

20 queuing head 1 12 are actually engaged by the rubber 
pad 1 56 before the coins completely leave the disc 1 1 4. 
As each coin approaches the periphery of the disc 114, 
the outer portion of the coin begins to project beyond 
the disc periphery. This projection starts earlier for 

25 large-diameter coins than for smalWiameter coins. As 
can be seen in FIG. 7, the portion of a coin that projects 
beyond the disc 114 eventually overlaps the support 
surface formed by the stationary sorting disc 1 50. When 
a coin overlaps the disc 1 50, the coin also intercepts the 

30 path of the rubber pad 1 56. The outer portion of the coin 
is engaged by the rubber pad 156 (FIG. 7). 

Each coin is positioned partly within the queuing 
device 1 10 and partly within the sorting device 122 for a 
brief interval before the coin is actually transferred from 

35 the queuing device 110 to the sorting device 122. As 
can be seen in FIG. 6, the coin-guiding inner wall 142 of 
the exit channel 136 in the queuing head 1 12 begins to 
follow an extension of the inner surface 154a of the wall 
154 at the exit end of the queuing head 1 12, so that the 

40 inboard edges of the coins on the disc 114 (which 
become the outboard edges of the coins when they are 
transferred to the disc 150) are smoothly guided by the 
inner wall 1 42 of the exit channel 1 36 and then the inner 
surface 1 54a of the wall 1 54 as the coins are transferred 

45 from the disc 1 1 4 to the disc 1 50. 

As previously stated, the exit channel 136 has such 
a depth that the coins of all denominations are pressed 
firmly down into the resilient pad 1 18. The coins remain 
so pressed until they leave the queuing device 1 1 0. This 

so firm pressing of the coins into the pad 1 1 8 ensures that 
the coins remain captured during the transfer process, 
i.e., ensuring that the coins do not fly off the disc 1 1 4 by 
centrifugal force before they are transferred completely 
to the stationary disc 150 of the sorting device 122. 

55 To facilitate the transfer of coins from the disc 1 1 4 to 
the disc 1 50, the outer edge portion of the top surface of 
the disc 150 is tapered at 160 (see FIG. 7). Thus, even 
though the coins are pressed into the pad 1 1 8, the coins 
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do not catch on the edge of the disc 150 during the coin 
transfer. 

Turning now to FIGS. 9-12, one embodiment of the 
present invention employs an eddy current sensor 210 
to perform as the coin handling system's coin discrimi- 
nation sensors D1-D6. The eddy current sensor 210 
includes an excitation coil 212 for generating an alter- 
nating magnetic field used to induce eddy currents in a 
coin 214. The excitation coil 212 has a start end 216 
and a finish end 218. An embodiment an a-c. excitation 
coil voltage V ex , e.g., a sinusoidal signal of 250 KHz and 
10 volts peak-to-peak, is applied across the start end 
216 and the finish end 218 of the excitation coil 212. 
The alternating voltage V ex produces a corresponding 
current in the excitation coil 212 which in turn produces 
a corresponding alternating magnetic field. The alter- 
nating magnetic field exists within and around the exci- 
tation coil 212 and extends outwardly to the coin 214. 
The magnetic f ield penetrates the coin 214 as the coin 
is moving in close proximity to the excitation coil 212, 
and eddy currents are induced in the coin 214 as the 
coin moves through the alternating magnetic field. The 
strength of the eddy currents flowing in the coin 214 is 
dependent on the material composition of the coin, and 
particularly the electrical resistance of that material. 
Resistance affects how much current will flow in the coin 
114 according to Ohm's Law 
(voltage = current * resistance ). 

The eddy currents themselves also produce a cor- 
responding magnetic field. A proximal detector coil 222 
and a distal coil 224 are disposed above the coin 21 4 so 
that the eddy current-generated magnetic field induces 
voltages upon the coils 222, 224. The distal detector coil 
224 is positioned above the coin 214, and the proximal 
detector coil 222 is positioned between the distal detec- 
tor coil 224 and the passing coin 214. 

In one embodiment, the excitation coil 212, the 
proximal detector coil 222 and the distal detector coil 
224 are all wound in the same direction (either clock- 
wise or counterclockwise). The proximal detection coil 
222 and the distal detector coil 224 are wound in the 
same direction so that the voltages induced on these 
coils by the eddy currents are properly oriented. 

The proximal detection coil 222 has a starting end 
226 and a finish end 228. Similarly, the distal coil 224 
has a starting end 230 and a finish end 132. In order of 
increasing distance from the coin 1 14, the detector coils 
222, 224 are positioned as follows: finish end 228 of the 
proximal detector coil 222, start end 226 of the proximal 
detector coil 222, finish end 232 of the distal detector 
coil 224 and start end 230 of the distal detector coil 224. 
As shown in FIG. 12, the finish end 228 of the proximal 
detection coil 222 is connected to the finish end 232 of 
the distal detector coil 224 via a conductive wire 234. It 
will be appreciated by those skilled in the art that other 
detector coil 222, 224 combinations are possible. For 
example, in an alternative embodiment the proximal 
detection coil 222 is wound in the opposite direction of 
the distal detection coil 224. In this case the start end 



226 of the proximal coil 222 is connected to the finish 
end 232 of the distal coil 224. 

Eddy currents in the coin 21 4 induce voltages V prox 
and V dist respectively on the detector coils 222, 224. 
5 Likewise, the excitation coil 212 also induces a com- 
mon-mode voltage V com on each of the detector coils 
222, 224. The common-mode voltage V com is effectively 
the same on each detector coil due to the symmetry of 
the detector coils' physical arrangement within the exci- 
w tation coil 212. Because the detector coils 222, 224 are 
wound and physically oriented in the same direction and 
connected at their finish ends 228, 232, the common- 
mode voltage V com induced by the excitation coil 212 is 
subtracted out, leaving only a difference voltage V diff 
15 corresponding to the eddy currents in the coin 214. This 
eliminates the need for additional circuitry to subtract 
out the common-mode voltage V corTV The common- 
mode voltage V com is effectively subtracted out because 
both the distal detection coil 224 and the proximal 
20 detection coil 222 receive the same level of induced 
voltage V com from the excitation coil 212. 

Unlike the common-mode voltage, the voltages 
induced by the eddy current in the detector coils are not 
effectively the same. This is because the proximal 
25 detector coil 222 is purposely positioned closer to the 
passing coin than the distal detector coil 224. Thus, the 
voltage induced in the proximal detector coil 222 is sig- 
nificantly stronger, i.e. has greater amplitude, than the 
voltage induced in the distal detector coil 224. Although 
30 the present invention subtracts the eddy current- 
induced voltage on the distal coil 224 from the eddy cur- 
rent-induced voltage on the proximal coil 222, the volt- 
age amplitude difference is sufficiently great to permit 
detailed resolution of the eddy current response. 
35 As seen in FIG. 9, the excitation coil 212 is radially 
surrounded by a magnetic shield 234. The magnet 
shield 234 has a high level of magnetic permeability in 
order to help contain the magnetic field surrounding the 
excitation coil 212. The magnetic shield 234 has the 
40 advantage of preventing stray magnetic field from inter- 
fering with other nearby eddy current sensors. The mag- 
netic shield is itself radially surrounded by a steel outer 
case 236. 

In one embodiment the excitation coil utilizes a 
45 cylindrical ceramic (e.g., alumina) core 238. Alumina 
has the advantages of being impervious to humidity and 
providing a good wear surface. It is desirable that the 
core 248 be able to withstand wear because it may 
come into frictional contact with the coin 214. Alumina 
so withstands frictional contact well because of its high 
degree of hardness, i.e., approximately 9 on mohs 
scale. 

To form the eddy current sensor 10, the detection 
coils 222, 224 are wound on a coil form (not shown). A 
55 preferred form is a cylinder having a length of 0.5 inch, 
a maximum diameter of 0.2620 inch, a minimum diame- 
ter of 0.1660 inch, and two grooves of 0.060 inch width 
spaced apart by 0.060 inch and spaced from one end of 
the form by 0.03 inch. Both the proximal detection coil 
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222 and the distal detector coil 224 have 350 turns of 
#44 AWG enamel covered magnet wire layer wound to 
generally uniformly fill the available space in the 
grooves. Each of the detector coils 222, 224 are wound 
in the same direction with the finish ends 228, 232 being 5 
connected together by the conductive wire 234. The 
start ends 226, 230 of the detector coils 222, 224 are 
connected to separately identified wires in a connecting 
cable. 

The excitation coil 21 2 is a generally uniformly layer 10 
wound on a cylindrical alumina ceramic coil form having 
a length of 0.5 inch, an outside diameter of 0.2750 inch, 
and a wall thickness of 0.03125 inch. The excitation coil 
212 is wound with 135 turns of #42 AWG enamel cov- 
ered magnet wire in the same direction as the detector 15 
coils 222, 224. The excitation coil voltage V ex is applied 
across the start end 216 and the finish end 218. 

After the excitation coil 212 and detector coils 222, 
224 are wound, the excitation coil 212 is slipped over 
the detector coils 222, 224 around a common center 20 
axis. At this time the sensor 210 is connected to a test 
oscillator (not shown) which applies the excitation volt- 
age V QX to the excitation coil 212. The excitation coil's 
position is adjusted along the axis of the coil to give a 
null response from the detector coils 222, 224 on an a- 25 
c. voltmeter with no metal near the coil windings. 

Then the magnetic shield 144 is the slipped over 
the excitation coil 212 and adjusted to again give a null 
response from the detector coils 222, 224. 

The magnetic shield 244 and coils 212, 222, 224 30 
within the magnetic shield 244 are then placed in the 
steel outer case 246 and encapsulated with a polymer 
resin (not shown) to "freeze" the position of the mag- 
netic shield 244 and coils 212, 222, 224. 

After curing the resin, an end of the eddy current 35 
sensor 210 nearest the proximal detector coil 222 is 
sanded and lapped to produce a flat and smooth sur- 
face with the coils 212, 222 slightly recessed within the 
resin. 

In order to detect the effect of the coin 214 on the 40 
voltages induced upon the detector coils 222, 224, it is 
preferred to use a combination of phase and amplitude 
analysis of the detected voltage. This type of analysis 
minimizes the effects of variations in coin surface geom- 
etry and in the distance between the coin and the coils. 45 

The voltage applied to the excitation coil 212 
causes current to flow in the coil 212 which lags behind 
the voltage 220. For example, the current may lag the 
voltage 220 by 90 degrees in a superconductive coil. In 
effect, the coin's 214 eddy currents impose a resistive so 
loss on the current in the excitation coil 212. Therefore, 
the initial phase difference between the voltage and cur- 
rent in the excitation coil 212 is decreased by the pres- 
ence of the coin 21 4. Thus, when the detector coils 224, 
226 have a voltage induced upon them, the phase dif- 55 
ference between the voltage applied to the excitation 
coil 212 and that of the detector coils is reduced due to 
the eddy current effect in the coin. The amount of reduc- 
tion in the phase difference is proportional to the electri- 



cal and magnetic characteristics of the coin and thus the 
composition of the coin. By analyzing both the phase 
difference and the maximum amplitude, an accurate 
assessment of the composition of the coin is achieved. 

FIGS. 12A and 12B illustrate a preferred phase- 
sensitive detector 250 for sampling the differential out- 
put signal V djff from the two detector coils 222, 224. The 
differential output signal V diff is passed through a buffer 
amplifier 252 to a switch 254, where the buffered V dHf is 
sampled once per cycle by momentarily closing the 
switch 254. The switch 254 is controlled by a series of 
reference pulses produced from the V ex signal, one 
pulse per cycle. The reference pulses 258 are synchro- 
nized with excitation voltage V ex , so that the amplitude 
of the differential output signal V djff during the sampling 
interval is a function not only of the amplitude of the 
detector coil voltages 236, 238, but also of the phase 
difference between the signals in excitation coil 212 and 
the detection coils 236, 238. 

The pulses derived from V ex are delayed by an "off- 
set angle" which can be adjusted to minimize the sensi- 
tivity of V diff to variations in the gap between the 
proximal face of the sensor 210 and the surface of the 
coin 21 4 being sensed. The value of the offset angle for 
any given coin can be determined empirically by moving 
a standard metal disc, made of the same material as the 
coin 214, from a position where it contacts the sensor 
face, to a position where it is spaced about 0.001 to 

0. 020 inch from the sensor face. The signal sample 
from the detector 250 is measured at both positions, 
and the difference between the two measurements is 
noted. This process is repeated at several different off- 
set angles to determine the offset angle which produces 
the minimum difference between the two measure- 
ments. 

Each time buffered V diff is sampled, the resulting 
sample is passed through a second buffer amplifier 256 
to an analog-to-digital converter (not shown). The 
resulting digital value is supplied to a microprocessor 
(not shown) which compares that value with several dif- 
ferent ranges of values stored in a lookup table (not 
shown). Each stored range of values corresponds to a 
particular coin material, and thus the coin material rep- 
resented by any given sample value is determined by 
the particular stored range into which the sample value 
falls. The stored ranges of values can be determined 
empirically by simply measuring a batch of coins of 
each denomination and storing the resulting range of 
values measured for each denomination. 

Claims 

1. A coin discrimination sensor for discriminating 
among desired and undesired coins, comprising: 

an excitation coil for producing an alternating 
magnetic field; 
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said alternating magnetic fields coupling to 
said desired and undesired coins to induce 
eddy-currents; and 

a detection coil having a pair of windings for 
detecting said eddy currents in said desired s 
and undesired coins, said windings being posi- 
tioned at different distances from said coins to 
produce a differential voltage corresponding to 
the composition of the desired and undesired 
coins being sensed. 10 

2. A coin discrimination sensing system for discrimi- 
nating among desired and undesired coins, com- 
prising: 

15 

an excitation coil having a voltage applied to it 
for producing an alternating magnetic field, 
said alternating magnetic field coupling to said 
desired and undesired coins to induce eddy- 
currents; 20 
a detection coil for detecting said eddy currents 
from said desired and undesired coins, said 
detection coil producing a differential voltage 
corresponding to the composition of the 
desired and undesired coins being sensed; and 25 
means for detecting a phase difference 
between the voltage applied to the excitation 
coil and the differential voltage induced in the 
detection coil. 

30 

3. The coin discrimination sensing system for discrim- 
inating among desired and undesired coins of claim 
2, wherein said means for detecting a phase differ- 
ence between the voltage applied to the excitation 
coil and the differential voltage induced in the 35 
detection coil also further comprises means for 
detecting an amplitude of said differential voltage. 

4. A coin discrimination sensing system for discrimi- 
nating among desired and undesired coins, com- 40 
prising: 

an excitation coil having a sinusoidal voltage 
applied to it for producing an alternating mag- 
netic field, said alternating magnetic field cou- as 
pling to said desired and undesired coins to 
induce eddy currents therein; 
a detection coil for detecting said eddy-currents 
from said desired and undesired coins, said 
detection coil having a proximal coil positioned so 
adjacent to said desired and undesired coins 
and a distal coil positioned farther away from 
said desired and undesired coins, wherein said 
proximal and distal coils are wound in the same 
direction as said primary coil, said proximal coil ss 
having a start end and a finish end, said distal 
coil having a start and a f innish end, said finish 
end of said distal coil being connected to said 
finish end of said proximal coil, one of said start 



end of said proximal coil and said distal coil 
being electrically grounded and the other being 
ungrounded, said -ungrounded end exhibiting a 
differential voltage corresponding to the com- 
position of the desired and undesired coins 
being sensed; and 

means for detecting a phase difference 
between the voltage applied to the excitation 
coil and the differential voltage induced in the 
detection coil. 
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(54) Coin discrimination sensor and coin handling system 



(57) A coin discrimination sensor (D1-D6) and coin 
handling system for discriminating among desired and 
undesired coins (25,214) , comprised of an excitation 
coil (212) for producing an alternating magnetic field. 
These alternating magnetic fields couple to the desired 
and undesired coins to induce eddy-currents. The sen- 



sor also is comprised of a detection coil (222,224) for 
detecting eddy-currents from desired and undesired 
coins. The detection coil produces a differential voltage 
corresponding to the composition of the desired and 
undesired coins being sensed. 
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